Introduction ! Leiomyomas (fibroids or myomas) are common benign myometrial neoplasms composed of smooth muscle [1]. Leiomyomas represent the primary indication for hysterectomy in the United States, Germany, France and England and are estimated to occur in 20-80% of reproductive-age Abstract ! Operatives und konservatives Therapiemanagement von symptomatischen Leiomyomen in der Schwangerschaft: eine retrospektive Pilotstudie
Purpose: Evidence regarding distinguishing characteristics of women with symptomatic leiomyomas during pregnancy who undergo myomectomy during pregnancy and those who respond to conservative treatment is sparse because it mostly derives from case reports and small patient series. As the first of its type, the present study analyzed the characteristics of women with symptomatic leiomyomas treated with myomectomy during pregnancy and those treated conservatively. Methods: We performed a computer search of medical records from 1 January 2001 to 31 March 2011 using the International Classification of Diseases Codes for pregnancy, myomectomy and leiomyomas during pregnancy. Results: 27 patients were admitted during pregnancy directly related to leiomyomas; 17 of the 27 patients received conservative treatment for symptomatic leiomyomas, and 10 patients had surgery during pregnancy: 3 had undergone diagnostic surgical procedures and 7 myomectomy. Perioperative and postoperative morbidity was low in all women in our sample. Conclusion: In our pilot study, myomectomy during pregnancy was safely performed in carefully selected patients, with subserosal or pedunculated leiomyomas that failed to respond to conservative treatment, with low perioperative and postoperative morbidity. [2] [3] [4] . Leiomyomas can be asymptomatic, but can also cause a variety of symptoms such as menorrhagia, pain, pelvic pressure, and bowel and urinary tract complaints [3, 5, 6] . Leiomyomas have a prevalence during pregnancy of up to 20 % and they have been associated with an increased obstetric complication rate, such as an increased incidence of spontaneous abortions, fetal malpresentation, intrauterine growth restriction, placenta previa, labor dystocia, placental abruption, retained placenta, preterm labor, premature rupture of membranes, postpartum hemorrhage, and an increased frequency of cesarean sections [7] [8] [9] [10] [11] . Nevertheless, little is known about the exact prevalence of leiomyomas in pregnancy and the rate of complications related to or caused by leiomyomas during pregnancy, most of which are asymptomatic [10, 12, 13] . There is, therefore, no consensus regarding the best approach to the treatment of symptomatic leiomyomas during pregnancy. Conservative treatment is the first option, but the incidence of complications after conservative treatment varies greatly, with rates of up to 38.4 % [7, 14] . Evidence regarding surgical treatment for symptomatic leiomyomas during pregnancy is sparse and mostly derives from case reports and small patient series [8, 14] . The present study analyzed a group of women with symptomatic leiomyomas during pregnancy who underwent myomectomy during pregnancy and those treated conservatively.
Zusammenfassung

Methods
!
We performed a computer search of medical records at the Department of Obstetrics and Gynaecology, University Womenʼs Clinic, Tuebingen, Germany, from 1 January 2001 to 31 March 2011 using the International Classification of Diseases Codes for pregnancy, myomectomy and leiomyomas during pregnancy. This search identified 204 charts, which were retrieved and reviewed. The criterion for inclusion in the study was admission during pregnancy related directly to uterine leiomyomas. If the finding of leiomyoma was incidental to admission, the patient was not included in the study. Patients with first-trimester spontaneous abortions were also not included. All patients had an ultrasound scan on admission; the number and location of the leiomyomas were captured. Data were coded and entered into an Excel spreadsheet (Microsoft, Redmond, Washington, DC, USA). Statistical analysis was carried out using JMP for Windows, 7.0.1 (SAS Institute, Cary, NC, USA). We report means and standard deviations or medians for continuous variables and frequency counts and percentages for nominal or categorical variables.
Results
!
Twenty-seven patients (out of 204, 13.2 %) were admitted during pregnancy directly related to leiomyomas. All patients received conservative treatment upon admission, consisting of analgesic treatment, antibiotic therapy and tocolytic agents. Conservative treatment was effective in seventeen of the 27 patients (63.0 %) with symptomatic leiomyomas. Ten patients (37.0 %) had surgery during pregnancy: 3 (11.1 %) had undergone diagnostic surgical procedures and received conservative treatment and 7 (26.0 %) patients underwent myomectomy; indication for surgery were symptomatic leiomyomas during pregnancy that failed to respond to conservative treatment. The patients who had under-gone diagnostic surgery were also included in the group of patients with symptomatic leiomyomas during pregnancy who received conservative treatment. The indications for admission, inpatient course, operations, clinical and pregnancy outcomes of the patients were retrieved. Among the 27 patients admitted with symptomatic leiomyomas during pregnancy, 26 had singleton pregnancies and one patient had a twin pregnancy. Among the twenty patients (74.0 %) with symptomatic leiomyomas during pregnancy from the conservative treatment group; 17/20 (85.0%) received conservative treatment and 3/20 (15.0 %) received conservative treatment and underwent diagnostic surgery because of symptoms or an uncertain diagnosis. One patient who received conservative treatment was lost to follow-up. Subject characteristics and pathological findings of the two patient groups are listed in l " Table 1 . Seven patients (26.0 %) with symptomatic leiomyomas underwent myomectomy during pregnancy (l " Fig. 1, 2 and 3) (l " Table  2 ). The mean time elapsed between admission and decision to perform surgery was 62.2 hours (range 24.0-120.0 hours). During surgery, 13 leiomyoma specimens were taken; 7 were pedunculated and 6 were subserosal. Among the 3 women with symptomatic leiomyomas during pregnancy (mean gestational age: 20.0 weeks [range 17.5-24.4]), who underwent diagnostic surgery, 2 had laparoscopy (one for refractory pain and one for refractory pain and a presumed ovarian mass) and the third underwent exploratory laparotomy for refractory pain and to rule out appendicitis. Myomectomy was not performed in these patients as the lesions were located transmurally and intramurally. All 3 patients had uneventful pregnancies. The patient who underwent laparotomy had a cesarean delivery on request, and the two other patients delivered vaginally at term. In the group of patients who underwent myomectomy, 6 had preoperative abdominal pain, and 1 had premature labor and abdominal pain. In the group who received conservative treatment for symptomatic leiomyomas, premature labor occurred in 7 (35.0 %) and abdominal pain occurred in 9 (45.0 %); 3 (15.0 %) had both premature labor and abdominal pain, and 1 was admitted for vaginal bleeding. The mean gestational age at admission in the patients who underwent myomectomy was 16.8 ± 2.5 weeks (range 15.0-21.1) and 22.7 ± 4.6 weeks (range 15.2-33.2) in the patients who received conservative treatment (l " Table 1 ). Six patients who underwent myomectomy during pregnancy delivered by cesarean section, while this was the case for 8 of the patients who received conservative treatment (8 out of 17 patients; 47.1 %) for symptomatic leiomyoma (l " Table 1 ). One patient from the myomectomy group delivered spontaneously. We recommended a primary cesarean section to one patient from the myomectomy group (14.3 %); the other five patients received a cesarean section on request, with two patients receiving a secondary cesarean section. Gestational age at delivery was 38.1 ± 3.9 weeks (range 25.2-41.2) in the myomectomy group and 38.0 ± 0.3 weeks (range 37.7-38.5) in the conservative treatment group. Duration of hospitalization was 15.3 ± 9.7 days (range 7-26) in the myomectomy group and 8.7 ± 6.6 days (range 1-29) in the conservative treatment group (l " Table 1 ). Postpartum hysterectomy was not performed in either group. Patients who underwent myomectomy had a larger diameter (median 15.5 cm) for the largest leiomyoma than those who received conservative treatment (median 7.1 cm). All 7 women who underwent myomectomy had pedunculated and subserosal leiomyomas; this was the case in only one third of the women who received conservative treatment; 5/17 women (29.4 %) had subserosal leiomyomas (l " Table 1 ). All but one of the 7 patients who underwent myomectomy had histologic signs of degeneration of the largest leiomyoma. Evidence of leiomyoma degeneration at ultrasound was found for only 3 of the 17 women who received conservative treatment. Eight (61.5 %) of the 13 fibroid specimens taken showed necrotic changes, and there was 1 case of clear-cell epitheloid leiomyoma. Regressive changes, hyalinization, and infarction of the leiomyomas had also been reported. Perioperative and postoperative morbidity was low in all women in our sample. No haemorrhages or surgical infections occurred postoperatively, nor were there any fetal losses after surgery. Relaparotomy on the fourth postoperative day was necessary in one case due to symptoms of intestinal obstruction. Adhesions of the small intestine within the area of the myomectomy scar were found and removed. The further postoperative course of the patient was uneventful and the pregnancy ended with a cesarean delivery at term. The patient with the twin pregnancy had a 7 cm fundal intramural leiomyoma and was admitted with premature labor at 22/2 weeks of gestation. She received conservative treatment and suffered a premature rupture of the membranes of the first twin five days after admission. Intrauterine death of the first twin occurred at 24/0 weeks of gestation. Directly after vaginal delivery of the first twin, the pregnancy for the second twin was prolonged by renewed tocolysis. At 25/2 weeks of gestation, cesarean section of the second twin was performed due to pathological antenatal cardiotocography (CTG) recording. A liveborn preterm infant was delivered and the further postoperative course was uneventful.
Discussion
!
The present study analyzed a group of women with symptomatic leiomyomas during pregnancy who underwent myomectomy during pregnancy and those treated conservatively. It was interesting to note that most women who underwent myomectomy had leiomyomas with histologic signs of necrosis. Abdominal pain, imaging and histologic signs of necrosis seem to be a common feature in symptomatic leiomyoma in pregnancy and have been described in a majority of patients who undergo myomectomy during pregnancy [7, 8, [12] [13] [14] [15] [16] . Some authors advise against myomectomy during pregnancy because of possible perioperative and postoperative complications: hemorrhage, premature rupture of membranes, preterm labor, abortion, and fetal loss [14] . However, in some cases, for example where conservative management fails, the leiomyoma is in a critical location in the lower uterine segment, or, if the diagnosis is uncertain, surgery may be unavoidable [8] . Laparoscopic surgery, also called minimally invasive surgery, has multiple advantages (decreased blood loss, faster recovery and improved visibility) due to the fact that operations in the abdomen are performed through small incisions (usually 0.5-1.0 cm) as opposed to the larger incisions needed in laparotomy. Both laparoscopy and laparotomy for removal of symptomatic leiomyomas are considered safe in selected patients during the first and second trimesters of pregnancy [17] . In the present study one patient with a pedunculated leiomyoma underwent laparoscopic myomectomy in the second trimester; the pregnancy progressed to term without further complications. However, regardless of the surgical technique, myomectomy during pregnancy is associated with an increased risk of cesarean section. Thus, consistent with previous data, we found that women who underwent myomectomy for symptomatic leiomyomas during pregnancy had a higher rate of cesarean sections than those treated conservatively [8, [14] [15] [16] . Several criteria for myomectomy during pregnancy have been proposed. Burton et al. suggested that surgical removal should be limited to pedunculated leiomyomas, whereas Exacoustos and Rosati suggested myomectomy for both pedunculated and subserosal leiomyomas. In our study, one of the largest leiomyomas removed was subserosal, and 5 were pendunculated. Recurrent pain, large or rapidly growing leiomyomas, medium or large leiomyomas located in the lower uterine segment, and leiomyomas in the immediate vicinity of the placenta have been suggested as possible indications for surgery [8, [14] [15] [16] . Mollica et al. reported a lower incidence of premature labor, premature rupture of membranes and preterm labor in a group of women who underwent elective myomectomy during pregnancy than in a group who received conservative treatment and a control group of pregnant women with no evidence of leiomyomas [16] . The authors concluded that elective myomectomy during pregnancy as a preventative measure before the onset of acute complications is a safe option when done early in carefully selected patients [16] . Nevertheless, the first option in symptomatic patients should always be the conservative treatment of leiomyomas during pregnancy. Major limitations of this study are the small number of patients included and its retrospective design. Our results therefore need to be interpreted with caution. Nevertheless, patients with large (> 6 cm), symptomatic, subserosal or pedunculated leiomyomas with signs of degeneration that fail to respond to conservative treatment may require myomectomy during pregnancy. Little is known about the relationship between leiomyomas and adverse pregnancy outcomes. Also, the shift in the demographics of maternity will lead to larger proportions of women affected by leiomyomas during pregnancy [9] . Further studies with larger co-horts are therefore required for a better understanding of the risks and benefits of myomectomy during pregnancy. In our study, myomectomy during pregnancy for symptomatic, subserosal or pedunculated leiomyomas with signs of degeneration that failed to respond to conservative treatment was performed safely in carefully selected patients with low perioperative and postoperative morbidity.
